Active-site mutants altering the cooperativity of E. coli phosphofructokinase.
Crystal structures of the high- and low-activity states of the allosteric enzyme phosphofructokinase implicate three arginines in substrate binding, catalysis and cooperativity. Arginines 162 and 243 reach into the active site from an adjacent subunit and interact with the cooperative substrate fructose 6-phosphate. Mutation of these arginines to serine results in mutant enzymes with reduced substrate binding and lowered cooperativity, but with little change in their catalytic ability (kcat). Arg 72 bridges the two substrates fructose 6-phosphate and ATP, and interacts with the 1-phosphate of the product fructose 1,6-biphosphate. Mutation of this residue to serine reduces the catalytic activity, cooperativity and binding of fructose 6-phosphate and fructose 1,6-bisphosphate. In the reverse reaction, the kinetics of wild-type and the Ser 72 mutant with respect to fructose 1,6-bisphosphate are hyperbolic, whereas those of the Ser 162 and Ser 243 mutants are sigmoidal. These results show that each of the three arginines contributes to cooperativity and to the transmission of allosteric signals between the four subunit of the enzyme.